SUMMARY Six patients with hypergraphia and epilepsy are presented and their clinical features compared with other patients reported in the literature. It is suggested that hypergraphia occurs more frequently in patients with right-sided non-dominant temporal lobe lesions, in contrast for example to the schizophreniform presentation of left-sided lesions. Other features of psychopathology possibly associated with non-dominant lesions, including elation, hyperreligiosity and dej"a vu experiences, are also discussed.
The study of inter-ictal behaviour in patients with temporal lobe epilepsy has improved our understanding of the different roles of the temporo-limbic structures in the dominant and non-dominant cerebral hemispheres of the brain. It has been suggested that an ictal focus in the dominant temporal lobe is associated with aggressive behaviourl-3 and schizophrenia-like psychoses,3-10 although in the latter case only small samples have been used and others have failed to confirm such a relationship.1"
In the case of the non-dominant temporal lobe ictal foci have been associated with an inter-ictal affective disturbance, namely an intensification of emotions,12 elation and depression,5 although others have failed to confirm this. That the nondominant cerebral hemisphere may have a particular role in mediating emotional behaviour is suggested by work with non-epileptic patients. Studying patients with damage to this side of the brain Gainottit3 14 has shown their tendency to disinhibition, indifference and joking. Terzian and Ceccottot5 and Terzian '6 have shown that intracarotid sodium amytal administered to the nondominant cerebral hemisphere produces a .'euphoric-maniacal" reaction. Dimond et all7 examined a patient after the trunk of his corpus callosum had been sectioned and found he was unable to communicate his emotional feelings through his speech, and suggested that his right hemisphere had become unable to express its normal functions. In addition Dimond and Farrington18 made the observation that split-brain patients tend to give an impression of euphoric mood and show emotional responses to unpleasant visual material mainly if this material is directed to the non-dominant hemisphere. Finally, Lishman19 studying patients with focal brain damage has shown an association between affective disorders and damage to the non-dominant cerebral hemisphere.
In contrast a few studies have shown an association between certain types of affective disturbances and disorders, and the dominant cerebral hemisphere. Terzian and Ceccotto15 and Terzian'6 found a "depressive-catastrophic" reaction using left-sided intra-carotid sodium amytal, and Mnoukhine and Dinabourg20 found a tendency to blunting of affect in children with damage to the dominant cerebral hemisphere.
In this paper it is our intention to present briefly the case histories of six patients with temporal lobe epilepsy and inter-ictal hypergraphia-the tendency towards extensive and in some cases compulsive writing-a condition first described by Waxman and Geschwind.21 22 We will then consider these patients in the light of Waxman and Geschwind's nine cases and demonstrate an association between this behaviour and an ictal focus in the non-dominant cerebral hemisphere. All these patients were seen in the Psychiatric Department at the National Hospital. Roberts, Robertson, Trimble physical and mental health was normal and there was no history of drug or alcohol abuse. On his initial interview he brought with him copious notes, written in several diaries, in tiny and meticulously neat style. These described the minutiae of his day-to-day experiences including a careful note of the details and timing of his seizures (fig 1) . He said that he had other such records at home but did not regard his writing as anything unusual and was unable to describe when it started. He behaved normally and his affect was out of keeping with the persecutory delusions he described. His mood seemed to be one of serenity and his speech was circumstantial with a tendency to pressure of speech at times. Cognitive examination was normal. On admission physical examination was normal and he was right-handed. A standard EEG showed clear evidence of a focal right temporal epileptic disturbance with a run of focal right temporal spikes and runs of theta activity with phase reversals in the right mid-temporal electrodes. A WAIS verbal IQ was 90 and a performance IQ 94, and his performance on memory tests was normal. Serum anti-convulsant levels were within normal limits.
Case 2 Mrs WM, a 61-year-old housewife, was admitted for assessment with a history of having several grand mal seizures in the previous month. Her parents were related, her maternal grandfather being the same person as her paternal great grandfather, and her maternal aunt had died in hospital and had been diagnosed as suffering from schizophrenia. The patient had an extensive psychiatric history with recurrent episodes of depression since the age of 22 years. These episodes usually responded to antidepressant treatment but two years prior to her referral she developed an agitated depression which did not respond to treatment. On examination at the National Hospital she was found to be over-active, disinhibited, and restless, and would frequently walk around the ward scantily clad. Her mood was one of elation. Pressure of speech was present and her conversation switched from subject to subject but there was no evidence of thought disorder. She was noted to write profusely, producing scores of unconnected jottings on any piece of paper that she could find. She said that she had always had a tendency to write a lot. On other occasions she would sit in a chair and rock rhythmically back and forth and expound feelings of self-recrimination about her worthlessness and the misery she had caused her husband. She expressed the delusion that her neighbours had had fits and been into the same psychiatric hospital as her, and that her epilepsy was the fault of her neighbours. During her over-active periods she was seen to pray repeatedly and loudly to God. There was no evidence of impairment of consciousness and physical examination showed a sub-total alopecia, a lipoma over her right scapula and a grade 2 ejection systolic murmur at the apex of her heart. She was right-handed. A standard EEG showed a low voltage record with a well marked semi-rhythmical evolution of slow activity with sharp wave elements in the anterior quadrants of both sides, clearly resulting from a right fronto-temporal focus. On Case 6 Mr GT, a 48-year-old unemployed clerk, was admitted for investigation of psychosis associated with epilepsy. His seizures began at the age of 26 years and the aura consisted of a feeling "as if he was falling into a hole in the world" which was sometimes followed by clonic movements of the left half of his body with subsequent involvement of the right half. He had been treated for this with phenytoin and carbamazepine. At the age of 40 years he was admitted to a psychiatric hospital with a psychotic illness and was diagnosed as suffering from schizophrenia. There was no family history of any neuropsychiatric disorder. There was a vague history of him drinking alcohol excessively in the past but nothing else of note in his past medical or psychiatric history. On examination of his mental state he was found to be over-active, rambling to himself and claiming to be Jesus Christ. He said that he had got a message through a Spirit which he heard talking to him inside his head. He said that it had power over his speech pattern and was trying to control his thoughts. He described auditory hallucinations hearing the voice of a Spirit inside his head but there were no visual hallucinations or evidence of thought disorder. His affect was well preserved and he was euthymic. He described a compulsion to write and showed his writings. They consisted of a detailed record of his experiences, including the most trivial events, and prayers and diagrams with a religious theme. On examination he was right-handed and there was a bruit audible over the right fronto-temporal region of his skull. A CT head scan showed a right hemisphere arteriovenous malformation deep within the right temporal lobe and the thalamus. The lesion enhanced and appeared to drain into a dilated vein of Galen. An (patients 3, 8, 10, 11, 13, 15) but no cases with left hemisphere localisation. Though these cases are selected, they are selected for hypergraphia and epilepsy, not for laterality of focus. In patient 13, for example, the scan abnormality was completed unexpected and was found after the patient had been selected because of his hypergraphia. In fact, though the evidence varies, it appears the tendency is for ictal foci to be predominantly on the left side of the brain in populations of epileptic patients under psychiatric care.8 27 Bear and Fedio'2 did not find the personality trait of hypergraphia significantly separated patients with temporal lobe epileptic foci on the right, from those with foci on the left side of the brain. They did, however, find that this trait discriminated epileptic patients from non-epileptic patients, as did Sachdev and Waxman.28 The latter authors had insufficient patients with lateralised temporal lobe foci to be able to identify any relationship between laterality of focus and hypergraphia. There are several reasons why Bear and Fedio may have failed to identify such an association. Firstly, hypergraphia may not lend itself to quantitative assessment as a trait, but may in fact be an "all or none" phenomenon. Secondly, the low number of cases so far reported in literature, and the authors' clinical impression, suggest it is a relatively uncommon sign and so could be missed in Bear and Fedio's small sample of 27 patients with lateralised temporal lobe foci. Finally, they did not state the hand preference in their patients, and thus their division into left and right temporal lobe foci may not accurately represent distribution of laterality of cerebral dominance. This is particularly important as several authors have noticed a raised incidence of left-handedness amongst temporal lobe epileptiCS.2 8 29 In Bear and Fedio's study the two personality traits which were found to be significantly associated with right temporal lobe foci were obsessionalism, which has already been demonstrated to be manifest in the writings of hypergraphic epileptic patients, and elation. In this current series, elation of mood has been seen at some time in all but two of the cases (patients 13 in which a close temporal relationship was found between elation and hypergraphia, was patient 11. When this patient was elated she also exhibited hypergraphia and hyper-religiosity, and complained of a reduction in her sexual drive. It is possible that such a relationship was missed in other cases due to an inadequate documentation of changes in mood.
Hyper-religiosity was present in nine cases (patients 1, 2, 5, 7, 8, 9, 11, 12, 15) and comparable metaphysical beliefs in two cases (patients 4 and 13). Usually these beliefs are reflected in the patient's writings and it may be significant that the only patient who wrote on sexual matters (patient 14) was the only patient with any evidence of hyper-sexuality. All the other National Hospital cases, possibly excluding Case 15, and patients 1 and 2, suffered from hyposexuality at one time or another, a frequent inter-ictal finding in temporal lobe epilepsy.21 22As patients do not as a rule volunteer information about their sexual drive, it cannot be assumed to be normal in patients 3 to 9.
It is also noteworthy that seven of these cases (patients 1, 4, 8, 9, 10, 12, 13) had deja vu experiences as part of their aura and Penfield and Perot30 have drawn attention to the fact that these experiences are frequently the result of a discharge from, or stimulation of, the non-dominant hemisphere of the brain. Despite this it is possible that this aura was present in other patients in this series but was missed as it was not specifically enquired for.
The mechanism of hypergraphia is obscure though this paper provides support for Waxman and Geschwind's suggestion21 22 that hypergraphia reflects an alteration in affective responsiveness in the presence of relative intellectual preservation. Elation of mood is associated with an ictal focus in the non-dominant temporal lobe'2 and may play a part in the production of hypergraphia, by stimulating psychomotor activity and thus predisposing certain patients to communicate, in writing, their unusual beliefs, ideas or experiences. In contrast depression would be expected to lead to psychomotor slowing and a reduction in written output. Likewise, dysfunction of the dominant cerebral hemisphere would be prone to lead to a reduction in written output3' and so make this symptom less likely to be associated with the dominant cerebral hemisphere. Linguistic changes have been shown in association with damage to the non-dominant hemisphere32 but these changes tend to be subtle and affect generalisation and conceptualism.
The association between the right temporal lobe and hypergraphia, elation and dejai vu phenomena, contrasts with the clinical picture seen in psychosis with left-sided lesions. Several authors have recently noted a significant association between certaiui types group.bmj.com on April 4, 2017 -Published by http://jnnp.bmj.com/ Downloaded from of schizophreniform psychosis and left temporal lobe foci. Of a series of 24 patients with psychosis and epilepsy examined by Trimble and Perez,10 a Present State Examination led to a Catego diagnosis of nuclear schizophrenia in only those with temporal lobe epilepsy, and the majority had left-sided or bilateral ictal foci. The diagnostic features of nuclear schizophrenia are based on Schneiderian first-rank symptoms, in particular disorders of thought and hallucinations.
In conclusion it is clear that it is necessary to carefully document more cases of hypergraphia in association with epilepsy, for comparison with those cases already described and in order to identify correlations between this sign and other psychiatric symptoms and signs. Further confirmation of the value of hypergraphia in identifying the laterality of the main ictal focus in epileptic patients is needed. In addition, writing forms a permanent record of the patient's ideation and motor activity, and may provide insight into the patient's thought processes, as well as a valuable record of them.
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